Abstract: This paper starts with a basic introduction to Haar wavelets which have been used for numerical simulation of heat equation. Wavelet collocation scheme is applied for the problems. Numerical experiments are carried out for some test problems. High accuracy of the results even in the case of a small number of collocation points is observed.
Introduction
Differential equations have several applications in several fields such as: physics, fluid dynamic and geophysics etc. However it is not always possible to get the solution in closed form and thus, numerical methods come into the picture. There are several numerical methods to handle a variety of problems: Finite Difference Method, Spectral Method, Finite Element Method, Finite Volume Method and so on. Many researchers are involved in developing various numerical schemes for finding solutions of different problems (see eg. [1, 2] ). In this paper we consider one dimensional time-dependent heat conduction equation ρc ∂θ(x, t) ∂t = κ ∂ 2 θ(x, t) ∂x 2 , 0 < x < L
with given conditions θ(x, 0) = f, θ(0, t) = g 1 , θ(L, t) = g 2 , where ρ, c, κ, f, g 1 , g 2 are known functions. Problems involving heat conduction appear in many areas of engineering and science. Equation (1) appears in many mathematical models of engineering and science. So, finding out flexible techniques for generating the solutions of such PDEs is quite meaningful. Across two layer slabs, an analogy for one dimensional transient heat conduction and solution is proposed in [3] by using method of separation of variables. To solve the similar one dimensional transient heat conduction in a composite slab with layers in perfect thermal contact, is developed by [4] using the method of separation of variables, transient response of the multilayered composite conducting slabs to sudden variation of temperature of the surrounding fluid is being analyzed. Wei [5] has considered one dimensional heat equation to determine a moving boundary from cauchy data. Many researchers has used different techniques to solve the above problem and similar ones [6, 7] . From the past few years, wavelets have become very popular in the field of numerical approximations [8, 9] . Among the different wavelet families mathematically most simple are the Haar wavelets. Due to the simplicity the Haar wavelets are very effective for solving ordinary differential and partial differential equations. In the previous years, many researchers have worked with Haar wavelets and their applications [10, 11] . In order to take the advantages of the local property, many authors researched the Haar wavelet to solve the differential and integral equations [12] - [15] . In the present work, we use haar wavelets for solving heat conduction problem numerically. Numerical example shows the results obtained and comparison made with the available solution.
Description of Solution Scheme
Haar wavelet is one of the oldest and simplest wavelet. Therefore, any discussion of wavelets starts with the Haar wavelet. Due to the simplicity the Haar wavelets are very effective for solving ordinary differential and differential equations. Haar functions have been used from 1910 when they were introduced by the Hungarian mathematician Alfred Haar [10, 11, 12] . The first curve h 0 (t) also known as scaling function is defined as
and second curve h 1 is obtained after distributing the interval [0, 1] in [0, 0.5] and [0.5, 1].
This is also called mother wavelet. All other subsequent curves are generated from h 1 (t). h 2 (t) is obtained from h 1 (t) with dilation. Other way, we can express haar functions in a more compact form as
Having benefits of the Haar wavelet approach for its simplicity and sparse matrices of presentation, they are faster than others. Any function which is square integrable in the interval [0, 1), can be expanded in a Haar series with an infinite number of terms as
where Haar coefficients α i = 2 j 1 0 u(x)h i (x)dx are determined in such a way that the integral square error
is minimum where m = 2 j , j ∈ {0} ∪ N . In general, for the function u(x) to be smooth the series (4) contains an infinite number of terms. If u(x) is a piecewise constant or may be approximated as piecewise constants, then the sum in equation (5) will be terminated after m terms, that is
where t ∈ [0, 1) and α m = [α 0 , α 1 , ..., α m−1 ] T . we have haar functions as 
for m > 2. In other way the coefficients matrix H il = h i (x l ) is introduced which is expanded into Haar series with coefficient matrix P as
where m × m square matrix P is called the operational matrix of integration and cam be expressed as
in particular, we get P 1×1 = [1/2] and O m/2 is null matrix of order m/2 × m/2. The other elements of the matrices H, P can be evaluated as 
where h i (x) are haar wavelet functions and α i are wavelet coefficients. From (12), we have
Using given boundary conditions, (13, 14) are to be replaced in the governing equation in hand and set of equations so obtained is solved for each step.
Test Problems
In this section some test examples are analyzed to demonstrate the effectiveness of proposed method of solution. For the first case we consider the given heat equation (1) representing an iron bar of length 50cm. For numerical simulation, we have f = 5 − 
